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(54) Optical disc recording apparatus, opticai disc reproduction apparatus, and optical disc 
recording method that are all suitable for seamless reproduction 



(57) An optical disc recording apparatus including: a 
receiving unit operable to receive designations from a 
user, the designations including a recording start desig- 
nation, a recording end designation, a pause designa- 
tion, and a pause release designation; an encoding unit 
operable to generate one video object by compressing 
audio and video data for a period starting when the 
receiving unit receives the recording start designation 
or the pause release designation and ending when the 
receiving unit receives the pause designation or the 
recording end designation, where if the receiving unit 
receives the pause release designation, a video object 
is generated so that the video object is capable of being 



seamlessly reproduced with an immediately preceding 
video object in a reproduction apparatus; a generation 
unit operable to generate a seamless flag each time a 
video object is generated, the seamless flag showing 
whether the video object corresponding to the seamless 
flag is capable of being seamlessly reproduced with an 
immediately preceding video object in the reproduction 
apparatus; and a recording unit operable to record, onto 
an optical disc, each video object generated by the 
encoding unit and each seamless flag generated by the 
generation unit. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a rewritable 
optical disc, and a recording method and a reproduction 
method for the optical disc. The present invention in par- 
ticular relates to an optical disc recording apparatus and 
an optical disc recording method which each record 
video objects (compressed audio and video data) so 
that the seamless reproduction of the video objects is 
possible even if a pause operation was designated by a 
user during recording, and an optical disc apparatus for 
the optical disc recording apparatus and the optical disc 
recording method. 

2. Background Art 

[0002] In recent years, optical discs with a capacity 
of several gigabytes, such as DVD-RAMs (digital video 
disc-random access memories), have appeared in the 
field of rewritable optical discs that had formerly been 
limited to a capacity of 650MB. 

[0003] It is expected that such optical discs will 
become the principal media for recording AV (audio-vis- 
ual) data as well as computer data. That is, it is believed 
that optical discs and recording and reproduction appa- 
ratuses for the optical discs (hereinafter abbreviated to 
the "optical disc apparatuses") will replace magnetic 
tapes and VCRs (videocassette recorders) that have 
conventionally been the major AV data recording media 
and AV data recording apparatuses. 
[0004] The operation of an optical disc apparatus 
used instead of a stationary VCR is described below. 
The optical disc apparatus receives television signals of 
a broadcast, converts the signals into a video object, 
and records the video object onto an optical disc. More 
specifically, the optical disc apparatus generates com- 
pressed video data (a video elementary stream) and 
compressed audio data (an audio elementary stream) 
from the television signals, divides the compressed 
video data into video packs of a fixed length, and divides 
the compressed audio data into audio packs of a fixed 
length. Then the optical disc apparatus interleaves the 
video packs and audio packs and records the inter- 
leaved packs onto opticai discs as a video object. Here, 
the video elementary stream and the audio elementary 
stream are generated according to an MPEG standard 
(ISO/IEC13818). 

[0005] The optical disc apparatus usually generates 
one video object in each recording operation if a pause 
operation (the temporary halt of recording) is not desig- 
nated during the recording operation. That is, if no 
pause operation is designated during recording, the 
optical disc apparatus generates and records one video 
object for the period between the time when a user des- 



ignates the start of recording and the time when the 
user designates the end of recording. 

[0006] if a pause operation is designated during 
recording, a problem arises in the opticai disc appara- 

5 tus. That is, it becomes difficult for the optical disc appa- 
ratus to seamlessly reproduce video objects generated 
before and after a pause operation. 
[0007] If one video object is generated by each suc- 
cessive recording operation, the optical disc apparatus 

io completes the generation and recording of a current 
video object on receiving a pause designation and 
starts to generate and record a new video object on 
receiving a pause release designation. That is, one 
video object is generated and recorded for each of the 

is period between a designation of recording start and a 
pause designation, the period between a pause release 
designation and the next pause designation, and the 
period between a pause release designation and a des- 
ignation of recording end. 

20 [0008] If a video object recorded until a pause des- 
ignation and a video object recorded after a pause 
release designation are sequentially reproduced, the 
optical disc apparatus cannot guarantee the seamless 
reproduction of these video objects and the following 

25 problems may occur. 

[0009] To prevent overflows and underflows of 
video elementary streams in the video input buffer of a 
reproduction apparatus, the opticai disc apparatus 
assumes the video input buffer and carries out a simu- 

30 lation to determine the size of data accumulated in the 
video input buffer during the encoding of video data. 
Similarly, during the encoding of audio data, the optical 
disc apparatus assumes an audio input buffer and car- 
ries out a simulation to determine the size of data accu- 

35 mulated in the audio input buffer. Although this 
guarantees that each video object can be seamlessly 
reproduced by itself, an overflow and underflow may 
occur in the reproduction apparatus at the boundary 
between a video object recorded until a pause designa- 
te? tion and that recorded after a pause release designa- 
tion. 

[0010] Also, each audio elementary stream 
includes a plurality of audio frames (each audio frame is 
of 32ms, for instance). If separate video objects are 
45 generated as a result of a pause operation, noise (elec- 
tric noise) may occur at the boundary between these 
video objects because the audio frame at the boundary 
includes audio data having no correlation, 

so SUMMARY OF THE INVENTION 

[0011] The first object of the present invention is to 
provide an optical disc recording apparatus and an opti- 
cal disc recording method which each records video 
55 objects in real time before and after a pause operation 
so that the seamless reproduction of these video 
objects is achieved without difficulty, and an opticai disc 
reproduction apparatus for the optical disc recording 
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apparatus and the optical disc recording method. 
[001 2] The second object of the present invention is 
to provide an optical disc recording apparatus and an 
optical disc recording method which each record video 
objects so that it can be judged whether the seamless s 
reproduction of these video objects is possible before 
the reproduction of the video objects, and an optical 
disc reproduction apparatus for the optical disc record- 
ing apparatus and the optical disc recording method. 
[0013] The stated objects are achieved by an opti- io 
cal disc recording apparatus including: a receiving unit 
operable to receive designations from a user, the desig- 
nations including a recording start designation, a 
recording end designation, a pause designation, and a 
pause release designation; an encoding unit operable is 
to generate one video object by compressing audio and 
video data for a period starting when the receiving unit 
receives the recording start designation or the pause 
release designation and ending when the receiving unit 
receives the pause designation or the recording end 20 
designation, where if the receiving unit receives the 
pause release designation, a video object is generated 
so that the video object is capable of being seamlessly 
reproduced with an Immediately preceding video object 
in a reproduction apparatus; a generation unit operable 25 
to generate a seamless flag each time a video object is 
generated, the seamless flag showing whether the 
video object corresponding to the seamless flag is 
capable of being seamlessly reproduced with an imme- 
diately preceding video object in the reproduction appa- 30 
ratus; and a recording unit operable to record, onto an 
optical disc, each video object generated by the encod- 
ing unit and each seamless flag generated by the gen- 
eration unit. 

[001 4| Here, if the receiving unit receives the pause as 
designation, the encoding unit completes a generation 
of a current video object and preserves an internal state 
of the encoding unit at a point when the generation of 
the current video object is completed, and if the receiv- 
ing unit receives the pause release designation, the 40 
encoding unit starts a generation of a new video object 
using the preserved internal state as an initial state. 
[0015] With this construction, when the user inputs 
the pause designation and then the pause release des- 
ignation during recording, a video object generated until 45 
the pause designation and a video object generated 
after the pause release designation are recorded in real 
time so that the seamless reproduction of these video 
objects is possible. Also, this construction allows a 
reproduction apparatus to judge whether the seamless so 
reproduction of video objects is possible by referring to 
the seamless flag before the reproduction of the video 
objects. 

[0016] Here, the generation unit obtains, from the 
encoding unit, a last system clock reference value of the ss 
current video object and a first system clock reference 
value of the new video object, and the recording unit 
records the seamless flag, the last system clock refer- 



ence value, and the first system clock reference value 
onto the optical disc as video object information. 
[0017] This construction allows the reproduction 
apparatus to smoothly perform special reproduction, 
such as reverse quick reproduction, by referring to the 
system clock reference values in the video object infor- 
mation before the reproduction of video objects. 
[0018] Here, the encoding unit replaces one of a 
last section of audio date immediately before the pause 
designation and a start section of audio data immedi- 
ately after the pause release designation with silent 
data, each of the last section and the start section being 
shorter than one audio frame. 

[0019] With this construction, the encoding unit 
replaces the last section or the first section with silent 
data and then generate compressed audio data. This 
avoids a situation where data having no correlation suc- 
cessively exists in an audio frame divided by a pause 
operation. As a result, it is ensured that no noise will 
occur during reproduction. 

[0020] The stated objects are also achieved by a 
reproduction apparatus for an optica! disc that records a 
plurality of video objects and a plurality of pieces of 
video object information, each video object including 
compressed video data and compressed audio data, 
and each piece of video object information correspond- 
ing to one video object and including a seamless flag 
that shows whether the corresponding video object is 
capable of being seamlessly reproduced with an imme- 
diately preceding video object, the reproduction appara- 
tus including: a reading unit operable to read, from the 
optical disc, a piece of video object information and a 
video object corresponding to the piece of video object 
information; a decoding unit operable to generate audio 
and video data by decoding the video object read by the 
reading unit; and a control unit operable to control 
seamless reproduction by the decoding unit according 
to a seamless flag included in the piece of video object 
information read by the reading unit. 
[0021] With this construction, the reproduction 
apparatus can judge whether the seamless reproduc- 
tion of a video object is possible by referring to the 
seamless flag before the reproduction of the video 
object. 

[0022] Here, the decoding unit includes: a separat- 
ing unit operable to separate the video object read by 
the reading unit into compressed video data and com- 
pressed audio data; a video buffer operable to tempo- 
rarily hold the compressed video data; an audio buffer 
operable to temporarily hold the compressed audio 
data; a first decoder operable to decode the com- 
pressed video data in the video buffer; and a second 
decoder operable to decode the compressed audio data 
in the audio buffer, where if a seamless flag correspond- 
ing to a next video object, which should be reproduced 
next to a current video object, shows that seamless 
reproduction of the next video object is possible, the 
control unit controls the decoding unit so that the next 
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video object read by the reading unit is supplied to the 
first and second decoding units without initializing the 
video buffer and the audio buffer at a point when the 
current video object is switched to the next video object 

[0023] With this construction, if judging that seam- 5 
less reproduction is possible, the reproduction appara- 
tus reproduces a video object without initialing video 
and audio buffers at a point when an immediately pre- 
ceding video object is switched to the video object. As a 
result, the reproduction apparatus can seamlessly to 
reproduce video objects without difficulty. 
[0024] Here, each piece of video object information 
includes, in addition to a seamless flag, a first system . 
clock reference value of a video object corresponding to 
the seamless flag and a last system clock reference 75 
value of a video object immediately preceding the corre- 
sponding video object, and if the seamless flag corre- 
sponding to the next video object shows that seamless 
reproduction of the next video object is possible, the 
control unit controls the first decoding unit and the sec- 20 
ond decoding unit to change an internal system time 
clock according to a first system clock reference value 
and a last system clock reference value included in a 
piece of video object information corresponding to the 
next video object. 25 
[0025] With this construction, the reproduction 
apparatus can smoothly perform special reproduction, 
such as reverse quick reproduction, of video objects by 
referring to the system clock reference values in the 
video object information before the reproduction of the 30 
video objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] These and other objects, advantages and 35 
features of the invention will become apparent from the 
following description thereof taken in conjunction with 
the accompanying drawings which illustrate a specific 
embodiment of the invention. In the drawings: 

40 

Fig. 1 shows the appearance of an optical disc 
recording and reproduction apparatus of an embod- 
iment of the present invention; 
Fig. 2 shows a lead-in area, a data area, and a 
lead-out area, which are provided within the area of 45 
an optical disc, and the file structure of data 
recorded in the data area; 

Fig. 3 shows the data structure of a 
VRJvtOVIE.VRO file shown in Fig. 2; 
Rg. 4 shows the hierarchical data structure of a so 
management information file VR_MANGRJFO 
shown in Rg. 2; 

Rg. 5 is a block diagram showing the construction 
of the main part of the optical disc recording and 
reproduction apparatus shown in Rg. 1 ; ss 
Fig. 6 is a block diagram showing the detailed con- 
struction of an encoder unit shown in Fig. 5; 
Fig. 7 is a flowchart showing the details of pause 



processing under the control of an encoder control 
unit shown in Fig. 6; 

Rg. 8 is a flowchart showing the details of pause 
release processing under the control of the encoder 
control unit; 

Rg. 9 shows the internal operation of the encoder 
unit before and after a pause operation; and 
Rg. 1 0 is a block diagram showing the detailed con- 
struction of a decoder unit shown in Fig. 5. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

<1 . Outline of Optical Disc Recording and Reproduction 
Apparatus) 

[0027] The following description concerns the case 
where an optical disc recording and reproduction appa- 
ratus 1 (hereinafter abbreviated to the "optical disc 
apparatus 1") is used instead of a stationary VCR. As 
shown in Fig. 1, the optical disc apparatus 1 is con- 
nected to an antenna (not shown) and a television set 2. 
Under these conditions, the optical disc apparatus 1 
generates compressed video and audio data in real 
time by digitizing and encoding video and audio signals 
included in the television signals received by the 
antenna or included in the video signals inputted via an 
input terminal. The compressed video and audio data is 
hereinafter referred to as the "video object" or simply 
the "VOB". The optical disc apparatus then records the 
VOB onto an optical disc. The optical disc apparatus 1 
also reproduces a VOB recorded on an optical disc. 
[0028] The optical disc apparatus 1 generates one 
video object in real time during the period between the 
time when a user designates a recording start or a 
pause release and the time when the user designates a 
pause operation or a recording end. In particular, if a 
pause operation is designated during recording, the 
optical disc apparatus 1 generates a video object before 
a pause designation and another video object after a 
pause release designation so that the seamless repro- 
duction of these video objects is guaranteed. Then the 
optical disc apparatus 1 records the video objects onto 
an optical disc. The optical disc apparatus 1 also gener- 
ates a seamless flag and seamless information each 
time a video object is generated and records the seam- 
less flag and seamless information onto an optical disc 
as management information. 

[0029] The seamless flag is a flag showing whether 
seamless reproduction is possible. The seamless infor- 
mation includes the last SCR (System Clock Reference) 
of the immediately preceding VOB and the first SCR of 
the current VOB. The seamless flag and seamless infor- 
mation are referred to prior to reproduction. 
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(2. Structure of Optical Disc) 

<2.1 Physical Structure of Optical Disc) 

[0030] An optica! disc of the present embodiment is 5 
described below by taking a DVD-RAM as an example. 
The physical structure of a DVD-RAM is described in 
detail in various documents, such as Japanese Laid- 
Open Patent Application No. 8-7282 disclosing a 
method for recording data onto both of lands and io 
grooves and Japanese Laid-Open Patent Application 
No. 7-93873 disclosing a zone CLV (Constant Linear 
Velocity) method. Therefore, the detailed description of 
the physical structure of a DVD-RAM is omitted here. 

15 

{2.2 Logical Structure of Optical Disc (DVD-RAM)) 

[0031] Fig. 2 shows a lead-in area, a data area, and 
a lead-out area, which are provided within the area of 
the optical disc, and the file structure of data recorded in 20 
the data area. 

[0032] The lead-in area provided at the start of the 
disc area (the innermost periphery of the disc) stores a 
reference signal necessary to stabilize the servo control 
in the optical disc apparatus 1 and an identification sig- 25 
nal used to distinguish the present optical disc from 
other media. The data area is provided to follow the 
lead-in area and stores files holding VOBs and manage- 
ment information. The lead-out area is provided at the 
end of the disc area (the outermost periphery of the 30 
disc) and, like the lead-in area, stores data, such as a 
reference signal. 

[0033] Volume information, which is to say informa- 
tion for a file system, is stored at the start of the data 
area. The file system is well known and so is not 35 
described here. Fig. 2 shows an example structure of 
directories and files that are read and written through 
the file system. 

[0034] In the file structure shown in Fig. 2, a 
DVD_RTAV (DVD_Real Time Audio Visual) directory 40 
that includes all flies dealt with by the optical disc appa- 
ratus 1 is provided beneath a ROOT directory. The files 
in the DVD_RTAV directory are broadly categorized into 
one management information file and one or more AV 
files in which VOBs are held. 45 
[0035] In Fig. 2, the management information file is 
referred to as VR_MANGR.IFO and an AV file is 
referred to as VR„MOV!E.VRO. The VR„MOVlE.VRO 
holds video (and audio) data, that is, contains one or 
more VOBs. so 

<2.2.1 AV File) 

[0036] Fig. 3 shows the data structure of the 
VR_MOVIE.VRO shown in Fig. 2. 55 
[0037] As shown in Fig. 3, VOB#1-VOB#N are 
arranged in the VR_MOVIE.VRO (here N is a number 
not less than one). Each VOB includes a plurality of 



VOBUs and each VOBU includes a plurality of packs of 
a fixed size (2 kilobytes). The packs are broadly catego- 
rized into video packs (V_PCK) and audio packs 
(A_PCK). 

[0038] Each video pack (V_PCK) contains video 
data. 

[0039] Each audio pack (A_PCK) contains audio 
data that has been encoded with a method, such as 
MPEG audio, Dolby AC3, and linear PCM. Video packs 
and audio packs are interleaved within VOBUs. 
[0040] Each pack contains various time stamps, 
such as a SCR, a DTS (Decode Time Stamp), and a 
PTS (Presentation Time Stamp). The SCR shows the 
time at which the corresponding pack should be fetched 
from a track buffer and inputted into a video buffer dur- 
ing reproduction. The DTS shows the time at which the 
corresponding pack should be fetched from the video 
buffer and inputted into a video decoder. The PTS 
shows the time at which the decoded data of the corre- 
sponding pack should be presented (a picture is dis- 
played or audio is outputted). Note that because the 
time taken to decode audio data is considerably shorter 
than that taken to decode video data, the decoding time 
for audio data is not regarded and DTSs are not given to 
audio packs. As a result, PTSs doubles as DTSs in the 
case of audio packs. 

<2.2.2 Management File) 

[0041] Fig. 4 shows the hierarchical data structure 
of the management information file VR_MANGR.IFO 
shown in Fig. 2. 

[0042] The VRJVIANGR.IFO is information also 
called RT_VMG (Real Time Recording__Video Man- 
ager) and includes a VOB STI (stream information) 
table, a VOB I (VOB information) table, and a PGCI (pro- 
gram chain information) table. 

[0043] The VOB__STi table gives VOB stream infor- 
mation (referred to as fl VOB_STP in Fig. 4) related to 
one or more VOBs and shows the video attribute and 
audio attribute of the VOBs. 

[0044] The VOBI table gives "Number^M/OBls" 
showing the total number of pieces of VOB information 
(VOBI) related to this table and *VOBI#1-VOBI#N". 
Here, N corresponds to the total number of VOBI. 
[0045] Each VOBI corresponds to one VOB and is 
information concerning the VOB. Each VOBI includes a 
VOB type (VOB_Type), seamless information (SMLi), a 
VOB presentation start time (VOB_START_PTM), a 
VOB presentation end time (VOB„End_PTM), a VOB 
recording time (VOB_REC_Time), a VOB stream infor- 
mation number (VOB_STIN), and time map information 
(TMAPI). 

[0046] The VOB type (VOB_Type) includes a seam- 
less flag (SML_FLG) that shows, if the corresponding 
VOB and a VOB recorded immediately before the corre- 
spending VOB are sequentially reproduced, whether 
seamless reproduction is possible. The seamless flag is 
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set as tt r if the corresponding VOB has been generated 
by a pause release designation from a user, and is set 
as "0* tf the corresponding VOB has been generated by 
a recording start designation from a user. Here, the 
seamless flag set as "1 " shows that seamless reproduc- 
tion is possible and the seamless flag set as M 0" shows 
that seamless reproduction is not always possible. 
[0047] The seamless information (SMLi) includes 
the last SCR of the VOB recorded immediately before 
the corresponding VOB (PREV_VOB_LAST_SCR) and 
the first SCR of the corresponding VOB 
(VOB„F!RST_SCR). These SCRs can be used when 
video objects are switched during forward quick repro- 
duction and reverse quick reproduction. 
[0048] The VOB presentation start time 
(VOB__START_PTM) and the VOB presentation end 
time (VOB_End„PTM) respectively show the start time 
and end time of the presentation (image display and 
audio output) of the corresponding VOB. The VOB 
recording time (VOB„REC_Time) shows the recording 
time of the corresponding VOB. 

[0049] The VOB stream information number 
(VOB_STIN) is the number assigned to the VOB stream 
information related to the corresponding VOB. 
[0050] The time map information (TMAP!) includes 
a time map that associates the reproduction time of 
each VOBU of the corresponding VOB with a recording 
position on the optical disc. 

[0051] The PGCI table gives program chain infor- 
mation (PGCl) that shows the reproduction order of 
VOBs or the reproduction order of given reproduction 
sections of VOBs. In Fig. 4, PGC!#1 includes a plurality 
of pieces of cell information (Celll#1-Celll#J). Each cell 
shows a reproduction section, which is specified by a 
start time (CelLStart_PTM) and an end time 
(CelLEnd_PTM), of the VOB specified by a VOBJD. 
The VOB reproduction sections specified by Celli#1- 
Celll#J are reproduced in the arrangement order of 
these cell information. 

[0052] The following description is based on the 
assumption that the optical disc apparatus 1 generates 
two video objects (VOB#1 and VOB#2), and PGCI#1 by 
receiving a recording start designation, a pause desig- 
nation, a pause release designation, and then a record- 
ing end designation from a user. The PGCI#1 includes 
two pieces of cell information, which is to say Ceill#1 
whose Cell_Start_PTM and CelLEncLPTM are respec- 
tively set as the VOB„Start_PTM and VOB_END_PTM 
of VOB#1, and Ceili#2 whose Ceil_Start_PTM and 
Ceil_End_PTM are respectively set as the 
VOB_Start_PTM and VOBJENDJFTM of VOB#2. That 
is, the PGCi#1 shows that the entire section of the 
VOB#1 and the entire section of the VOB#2 should be 
reproduced in this order. 

[0053] in this case, because the VOB#1 is a video 
object recorded before a pause designation and the 
VOB#2 is a video object recorded after a pause release 
designation, the VOB information (VOBI#2) of the 



VOB#2 includes a seamless flag set as "1 " and valid 
seamless information. 

<3. Optical Disc Recording and Reproduction Apparatus) 

5 

[0054] Fig. 5 is a block diagram showing the con- 
struction of the main part of the optical disc apparatus 1 
shown in Rg. 1 . 

[0055] As shown in Rg. 5, the optical disc appara- 
10 tus 1 includes a user interface unit 1 01 , a system control 
unit 1 02, an input unit 103, an encoder unit 1 04, an out- 
put unit 1 05, a decoder unit 1 05, a track buffer 1 07, and 
a drive 1 08. 

[0056] The user interface unit 101 (referred to as 
15 "U/P in Fig. 5) includes an operation panel and a pho- 
to receiving unit for a remote controller shown in Fig. 1 . 
With this construction, the user interface unit 101 
receives user's instructions inputted using the operation 
panel and the remote controller. The user's instructions 
20 are, for instance, a recording start designation, a 
recording end designation, a pause designation, a 
pause release designation, and a reproduction designa- 
tion. 

[0057] The system control unit 102 sends, if receiv- 
es ing a recording start designation, a recording end desig- 
nation, a pause designation, or a pause release 
designation from the user interface unit 101 , a notifica- 
tion that the designation is received to the encoder unit 
1 04. Also, if receiving a reproduction start designation 
30 or a reproduction end designation from the user inter- 
face unit 101, the system control unit 102 sends a noti- 
fication that the designation is received to the decoder 
unit 106. 

[0058] More specifically, if receiving a recording 

35 start designation, the system control unit 102 sends a 
notification that the recording start designation is 
received to the encoder unit 104 to have the encoder 
unit 1 04 start the generation of a new video object Note 
that such a notification is hereinafter referred to as the 

40 "recording start notification". 

[0059] If receiving a recording end designation, the 
system control unit 102 sends a notification that the 
recording end designation is received to the encoder 
unit 1 04 to have the encoder unit 1 04 complete the gen- 

45 eration of the current video object. Note that such a noti- 
fication is hereinafter referred to as the "recording end 
notification". In this case, the system control unit 102 
also generates VOB I and VOB_STI of the video object 
according to the encoding information sent from the 

so encoder unit 104 and records the VOBI and VOB__ST! 
onto the optical disc via the drive 1 08. The encoding 
information shows wether seamless reproduction is 
possible. If the seamless reproduction is possible, the 
encoding information also shows the last SCR of the 

55 immediately preceding VOB (PREV_VOB_LAST_SCR) 
and the first SCR of the current VOB 
(VOB_FlRST_SCR). 

[0060] If receiving a pause designation, the system 
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control unit 1 02 sends a notification that the pause des- 
ignation is received to the encoder unit 1 04 to have the 
encoder unit 1 04 complete the generation of the current 
video object and preserve the internal state (not to reset 
the interna! state). Note that such a notification is here- 5 
i natter referred to as the "pause notification**. Also, the 
system control unit 102 generates VOBI and VOB_STl 
according to the encoding information sent from the 
encoder unit 104 and records the VOBI and VOB_STI 
onto the optical disc via the drive 1 08. 10 
[0061] If receiving a pause release designation, the 
system control unit 102 sends a notification that the 
pause release designation is received to the encoder 
unit 104 to have the encoder unit 104 start the genera- 
tion of a new video object using the internal state pre- 15 
served in the encoder unit 104 as an initial state. In this 
case, the new video object generated after the pause 
release designation can be seamlessly reproduced 
because the encoder unit 104 takes over the last inter- 
nal state, which is to say the internal state of the point 20 
when the generation of the immediately preceding video 
object is completed. 

[0062] The input unit 103 inputs video and audio 
data obtained by demodulating broadcast signals into 
the encoder unit 104. 25 
[0063] The encoder unit 104 generates, under the 
control of the system control unit 1 02, a VOB including 
video and audio packs by compressing video and audio 
signals inputted from the input unit 103. On receiving a 
pause notification, the encoder unit 104 completes the 30 
generation of the current video object and preserves the 
internal state (does not reset the internal state). On 
receiving a pause release notification, the encoder unit 
1 04 starts the generation of a new video object using 
the preserved internal state as the initial state (that is, 35 
by taking over the preserved internal state). 
[0064] The track buffer 1 07 temporarily holds a part 
of a VOB generated by the encoder unit 104 during 
recording and a part of a VOB read from a DVD-RAM 
during reproduction. 40 
[0065] The drive 108 operates as follows during 
recording and reproduction. After a DVD-RAM is placed 
on the drive 108, the drive 108 performs servo control 
and rotation control, writes a VOB part held in the track 
buffer 107 onto the DVD-RAM using an optical pbkup, 45 
reads a VOB part recorded on the DVD-RAM using the 
optical pickup, and stores the read VOB part in the track 
buffer 107. The actual reading/writing of a VOB part 
from/onto a DVD-RAM is performed in ECC (Error Cor- 
recting Code) block units. However, this is not related to so 
the present invention and so is not described here. 
[0066] The decoder unit 106 decompresses, under 
the control of the system control unit 1 02, a VOB part 
that is read from the DVD-RAM and is inputted via the 
track buffer 1 07, and generates video and audio signals ss 
from the decompressed VOB part. 
[0067] The output unit 105 converts digital video 
and audio signals sent, from the decoder unit 106 into 



analog signals and outputs the analog signals to a 
device, such as the television set 2 shown in Fig. 1 , con- 
nected to the optical disc apparatus 1 . 

(3.1 Encoder unit) 

[0068] Fig. 6 is a block diagram showing the 
detailed construction of the encoder unit 1 04 shown in 
Fig. 5. 

[0069] As shown in Fig. 6, the encoder unit 104 
includes a video encoder 1501, a video encoder buffer 
1502, an audio encoder 1503, an audio encoder buffer 
1504, a control information buffer 1505, a system time 
clock unit 1506 (hereinafter abbreviated to the "STC unit 
1506"), an encoder control unit 1507, and a system 
encoder 1508. Also, the system encoder 1508 includes 
a virtual reproduction time measuring unit 1601 , a video 
packing unit 1602, a virtual decoder buffer 1603, an 
audio packing unit 1 604, and a virtual decoder buffer 
1605. 

[0070] The video encoder 1501 includes a video 
input buffer (not shown), and holds video data inputted 
from the input unit 103 using the video input buffer, 
encodes (compresses) the video data in accordance 
with an MPEG2 standard, and sends the compressed 
video data to the video encoder buffer 1502. 
[0071] The audio encoder 1503 includes an audio 
input buffer (not shown), holds audio data inputted from 
the input unit 103 using the audio input buffer, encodes 
(compresses) the audio data, and sends the com- 
pressed audio data to the audio encoder buffer 1 504. 
[0072] The STC unit 1506 generates a clock signal 
(system time clock) based on which encoding is per- 
formed. 

[0073] The encoder control unit 1507 takes overall 
control of the encoder unit 1 04 during encoding. That is, 
under the control of the encoder control unit 1507, the 
encoder unit 104 starts the encoding operation on 
receiving a recording start notification or a pause 
release notification and ends the encoding operation on 
receiving a recording end notification or a pause notifi- 
cation. It should be noted here that if receiving first a 
pause notification during recording and then a pause 
release notification, the encoder unit 104 performs the 
encoding operation after the pause release notification 
using the last internal state before the pause operation. 
[0074] More specifically, if receiving a recording 
start notification, the encoder control unit 1507 controls 
the video encoder 1501, audio encoder 1503, and sys- 
tem encoder 1508 to start the generation of a video 
object. In this case, the internal state of each buffer in 
the encoder unit 104 may be reset, and the reset inter- 
nal state may be used as the initial state. 
[0075] If receiving a recording end notification, the 
encoder control unit 1507 controls the video encoder 
1 501 , audio encoder 1 503, and system encoder 1 508 to 
end the generation of a video object. In this case, the 
internal state of each buffer in the encoder unit 104 may 
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be reset after the generation of the video object is com- 
pleted. 

[0076] If receiving a pause notification, the encoder 
control unit 1507 controls the video encoder 1501, 
audio encoder 1503, and system encoder 1508 to end 5 
the generation of a video object and to preserve (not to 
reset) the internal states of the video encoder buffer 
1502, audio encoder buffer 1504, and virtual decode 
buffers 1603 and 1605 even after the generation of the 
video object is completed, in this manner, the internal 10 
state of the encoder unit 1 04 is preserved. 
[0077] If receiving a pause release notification, the 
encoder control unit 1507 controls the video encoder 
1 501 , audio encoder 1 503, and system encoder 1 508 to 
start the generation of a new video object using the ini- is 
tial state preserved in the encoder unit 104 as the initial 
state. This makes it possible to seamlessly reproduce 
the new video object 

[0078] The encoder control unit 1507 also adjusts 
the compression rate by the video encoder buffer 1502 20 
according to data occupancies of the virtual decoder 
buffers 1603 and 1605. Note that in this specification, 
the term "data occupancy" refers to the extent to which 
the capacity of a buffer is being used to store data. This 
adjustment is performed to ensure that no overflows 25 
and underflows will occur in the video and audio buffers 
of a decoder during reproduction. 
[0079] The system encoder 1508 fetches com- 
pressed video and audio data from the video encoder 
buffer 1502 and the audio encoder buffer 1504 in units 30 
of the size of the pay load in each pack (or packet). Then 
the system encoder 1508 generates video packs and 
audio packs, interleaves these packs to generate 
VOBUs one at a time, and sequentially outputs the 
VOBUs to the track buffer 1 407. 35 

(3.1.1 System Encoder) 

[0080] in the system encoder 1 508 shown in Rg. 6, 
the virtual reproduction time measuring unit 1601 gen- 40 
erates a virtual reproduction time from the STC gener- 
ated by the STC unit 1 506. The virtual reproduction time 
is referred to when time stamps, such as SCR, DTS 
(Decode Time Stamp), and PTS (Presentation Time 
Stamp), are given to each pack. Here, the DTS is a time 45 
stamp showing the time at which the decoder unit 1406 
should start decoding during reproduction, and the PTS 
is a time stamp showing the time at which decoded 
video data should be displayed or decoded audio data 
should be outputted during reproduction. so 
[0081] The video packing unit 1602 fetches com- 
pressed video data from the video encoder buffer 1502 
and sequentially generates video packs in which the 
compressed video data is packed. When doing so, time 
stamps are determined so that no overflows and under- 55 
flows will occur in the virtual decoder buffer 1603. 
[0082] The virtual decoder buffer 1 603 is a virtual 
buffer used to simulate the data occupancy of the buffer 
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(the video buffer of the decoder) that temporarily holds 
compressed video data during reproduction. 

[0083] The audio packing unit 1604 fetches com- 
pressed audio data from the audio encoder buffer 1504 
and sequentially generates audio packs in which the 
compressed audio data is packed. When doing so, time 
stamps are determined so that no overflows and under- 
flows will occur In the virtual decoder buffer 1605. 
[0084] The virtual decoder buffer 1 605 Is a virtual 
buffer used to simulate the data occupancy of the buffer 
(the audio buffer of the decoder) that temporarily holds 
compressed audio data during reproduction. 
[0085] The interleaving unit 1607 fetches packs 
generated by the video packing unit 1602 and the audio 
packing unit 1604 In increasing order of SCR and 
sequentially outputs the fetched packs to the track 
buffer 1 407. 

<4. Recording Operation Before and After Pause Opera- 
tion) 

[0086] The recording operation before and after a 
pause operation is described below with reference to 
Figs. 7 and 9. Fig. 7 is a flowchart showing the details of 
pause processing under the control of the encoder con- 
trol unit 1507, and Fig. 9 shows the internal operation of 
the encoder unit 104 before and after a pause opera- 
tion. 

[0087] As shown in Fig. 7, on receiving a pause 
notification from the system control unit 102 during 
recording, the encoder control unit 1507 suspends the 
input of video data from the input unit 103 to the video 
input buffer in the video encoder 1501 at a boundary 
between pictures, and suspends the input of audio data 
from the input unit 103 to the audio input buffer in the 
audio encoder 1503 (step 71). Then the encoder control 
unit 1507 controls the audio encoder 1503 to suspend 
the encoding operation at a boundary between audio 
frames (step 72). 

[0088] In Rg. 9, at this point in time, the audio 
encoder 1503 has encoded an audio frame f3 in the 
audio input buffer, that is, converted the audio frame f3 
into a compressed audio data a3. 
[0089] Consequently, the audio input buffer in the 
audio encoder 1503 holds an audio frame f4 and an 
audio frame piece f51 and the audio encoder buffer 
1 504 holds compressed audio data a1 , a2, and a3. 
[0090] Meanwhile, at this point in time, the video 
input buffer of the video encoder 1501 holds picture 
data B8 and P9. 

[0091 ] Under this condition, the video encoder 1 501 
encodes video data remaining in the video input buffer. 
As a result, as shown in Fig. 9, the video encoder 1501 
has completed the encoding of pictures B5, P9, B7, and 
B8. 

[0092] After the video encoder 1 501 has completed 
the encoding of picture data remaining in the video input 
buffer (step 73), the encoder control unit 1507 controls 



8 



15 



EP 1 085 513 A2 



16 



the video encoder 1501 to suspend the encoding oper- 
ation (step 74). 

[0093] The compressed video data generated until 
the operation of the video encoder 1501 was sus- 
pended is temporarily held in the video encoder buffer 5 
1502. The system encoder 1508 fetches compressed 
video data remaining in the video encoder buffer 1502 
and multiplexes the fetched data with compressed 
audio data to generate video objects. 

[0094] When the video encoder buffer 1502 io 
becomes empty (step 75), the encoder control unit 1 507 
has the system encoder 1508 suspend the operation 
(step 76). in this manner, the generation of the current 
VOB is completed. 

[0095] Even after the operations described above, is 
the encoder control unit 1507 does not reset various 
buffers, that is, preserves the internal states of the buff- 
ers (step 77) and sends encoding information concern- 
ing the newly generated video object to the system 
control unit 1 02 (step 78). Here, the various buffers are 20 
(a) the video input buffer in the video encoder 1 501 , (b) 
the video encoder buffer 1 502, (c) the virtual decoder 
buffer 1603, (d) the audio input buffer in the audio 
encoder 1503, (e)the audio encoder buffer 1504, and (f) 
the virtual decoder buffer 1 605. 25 
[0096] In Fig. 9, at the point when the operation of 
the system encoder 1508 is suspended, the buffers (a) 
and (b) are empty, the buffers (c) and (f) preserve the 
last data occupancies before the pause operation, the 
buffer (d) holds the audio frame data f4 and the audio 30 
frame piece f51 , and the buffer (e) holds the audio frame 
data a1 , a2, and a3. These buffer states are preserved 
until a pause release notification is sent from the system 
control unit 102. 

[0097] Fig. 8 is a flowchart showing the details of 35 
pause release processing under the control of the 
encoder control unit 1507. 

[0098] As shown in this drawing, if receiving a 
pause release notification from the system control unit 
1 02 during a pause operation, the encoder control unit 40 
1 507 does not reset the buffers (a)-(f) and preserves the 
internal states of the buffers by disabling reset signals to 
be inputted into the buffers (step 81). Then the encoder 
control unit 1507 resumes the input of video data from 
the input unit 103 to the video input buffer of the video 45 
encoder 1501 and the input of audio data from the input 
unit 103 to the audio input buffer of the audio encoder 
1503 (step 82). The encoder control unit 1507 also con- 
trols the video encoder 1501, audio encoder 1503, and 
system encoder 1508 to resume the encoding opera- so 
tions (step 83). 

[0099] After resuming the encoding operation, the 
audio encoder 1503 reduces the audio level of audio 
data having no correlation in an audio frame and per- 
forms encoding (step 84). In Rg. 9, the audio data, hav- 55 
ing no correlation is audio frame pieces f51 and f52 
whose continuity is broken by the pause operation. For 
instance, the audio encoder 1503 replaces at least one 



of the audio frame pieces f51 and f52 with silent data. 
As a result, the audio level of the audio data having no 
correlation in an audio frame divided by a pause opera- 
tion is reduced. This guarantees that no noise (electric 
noise) will occur during reproduction. 
[01 00] In this manner, the generation of a new video 
object is started by taking over the states of the point 
when a pause operation is designated. 
[0101] The encoder control unit 1507 generates 
and holds a seamless flag and seamless information as 
part of encoding information that should be sent to the 
system control unit 1 02 when the generation of a video 
object is completed (step 85). 

[0102] In Fig. 9, after a pause release notification is 
received, the audio encoder 1503 encodes the audio 
frame data f4 and the audio frame piece f51 preserved 
in the buffer (d) and the system encoder 1508 inter- 
leaves the compressed audio frame data a1 , a2, and a3 
preserved in the buffer (e) within video objects. Also, the 
encoder control unit 1507 controls the compression 
ratios of the encoding operations of the video encoder 
1501 and audio encoder 1503 using the data occupan- 
cies preserved in the buffers (c) and (d). This makes it 
possible to seamlessly reproduce the video objects 
generated before and after a pause operation. 

<5. Decoder Unit) 

[0103] Fig. 10 is a block diagram showing the 
detailed construction of the decoder unit 106 in Fig. 5. 
As shown in Fig. 10, the decoder unit 106 includes a 
demultiplexer 1702, a video buffer 1703, a video 
decoder 1 704, a reorder buffer 1 705, a switch 1 706, an 
audio buffer 1707, an audio decoder 1708, and a control 
information output unit 1 709. 

[01 04] The demultiplexer 1 702 receives VOBs from 
the track buffer 1407 during reproduction. Then the 
demultiplexer 1 702 sequentially stores the payload (i.e. 
packet) of each pack in the VOBs into the video buffer 
1 703 or audio buffer 1 707 in accordance with the type of 
the pack. The storing of the payload of each pack into 
the video buffer 1703 or audio buffer 1707 is performed 
when the STC matches the SCR in the pack. 
[0105] The video decoder 1704 fetches packets 
from the video buffer 1 703 and decodes the packets. 
The fetching of packets is performed when the STC 
matches the DTS written in the first packet in the video 
buffer 1703 (or PTS in the case of audio packets). 
[0106] The reorder buffer 1705 is a buffer used to 
change the output order of pictures in decoded data 
from a coding order to a display order. 
[01 07] The switch 1 706 outputs decoded data sent 
from the video decoder 1704 and the reorder buffer 
1705 to the output unit 1405 in picture units. This output 
operation is performed when the STC matches the PTC 
written in a packet. 

[0108] The audio decoder 1708 fetches packets 
from the audio buffer 1 707 and decodes the packets. 
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The fetching of packets is performed when the STC 
matches the PTS written in the first packet in the audio 
buffer 1707. The decoded packets are instantly output- 
ted to the output unit 1405. 

(5.1 Reproduction Operation) 

[0109] On receiving a reproduction start designa- 
tion, the system control unit 102 refers to the PGCl 
shown in Fig. 4 and controls the decoder unit 106 to 
reproduce video objects specified by cell information. If 
the PGCl specifies the entire section of VOB#1 and the 
entire section of VOB#2 as a reproduction route in this 
order, for instance, the system control unit 102 controls 
the decoder unit 106 to reproduce the VOB#1 and then 
controls the decoder unit 106 to reproduce the VOB*2 
immediately before the reproduction of the VOB#1 is 
completed. 

[0110] Before controlling the decoder unit 106 to 
perform reproduction, the system control unit 102 refers 
to the VOBl corresponding to the video object that 
should be reproduced. If the seamless flag included in 
the VOBl is set as M 0", the system control unit 1 02 initial- 
izes the decoder unit 106 and controls the decoder unit 
106 to start the reproduction operation, if the seamless 
flag included in the VOBl is set as B 0" and another video 
object is currently reproduced, the system control unit 
102 does not initialize the decoder unit 106 and controls 
the decoder unit 106 to start the reproduction operation. 
The initialization of the decoder unit 1 06 means that the 
video buffer 1 703, audio buffer 1 707, and reorder buffer 
1705 are reset 

[0111] If the seamless flag is set as "I", the system 
control unit 102 controls the decoder unit 106 to start 
the reproduction of a current video object and supply a 
video object to be next reproduced without resetting the 
buffers described above after completing the inputting 
of the current video object. This allows the decoder unit 
106 to seamlessly reproduce video objects even at 
boundaries between video objects. 
[0112] The above example concerns normal repro- 
duction (reproduction at normal speed). In the case of 
special reproduction, such as forward quick reproduc- 
tion and reverse quick reproduction, the system control 
unit 1 02 controls the decoder unit 106 to partially repro- 
duce each VOBU (for instance, reproduce only the I pic- 
ture in each VOBU) to achieve the special reproduction. 
In this case, the seamless information corresponding to 
the seamless flag set as "1 w is used during the special 
reproduction. If reverse quick reproduction is per- 
formed, for instance, the last SCR of the immediately 
preceding VOB is referred to and the STC of the 
decoder unit 106 is changed before the immediately 
preceding VOB is read. 

(6. Modifications) 



optical disc recording and reproduction apparatus as an 
example. However, the optical disc recording and repro- 
duction apparatus may be a portable video camera 
(camcorder). In this case, the optical disc recording and 
5 reproduction apparatus includes a microphone and 
camera as the input unit 1 03 and includes a small liquid 
crystal panel and a small speaker as the output unit 
1 05. 

[0114] Although the above embodiment takes a 
io DVD- RAM as an example of the optical disc, the optical 
disc may be another type of rewritable optical disc. Also, 
data may be recorded onto a hard disc instead of an 
optical disc. 

[01 1 5] In the operation example shown in Fig. 9, the 

is audio encoder 1503 suspends the encoding operation 
with the audio data f4 and f51 remaining in the internal 
audio input buffer. However, the audio encoder 1503 
may suspend the encoding operation after encoding the 
audio data f4. In this case, after a pause operation is 

20 designated, only audio data piece f51 , whose size is 
less than the size of one audio frame, remains in the 
audio input buffer, and the audio encoder buffer 1504 
holds compressed audio data obtained by encoding the 
audio frame f4. 

25 [01 1 6] In the above embodiment, the audio encoder 
1503 reduces the level of audio data having no correla- 
tion in an audio frame (for instance, f51 and f52 in Fig. 
9) generated by a pause operation by replacing at least 
one of audio data pieces before and after the pause 

30 operation with silent data before encoding. However, a 
mute circuit may be provided between the input unit 1 03 
and audio encoder 1503. In this case, the mute circuit 
mutes the first short section (shorter than one audio 
frame and, for instance, of several milliseconds) of 

35 audio data generated immediately after a pause release 
designation, that is, inputs silent data into the audio 
encoder 1503 for the first short section. This allows the 
audio frame divided by a pause operation to be repro- 
duced without causing noise (electric noise). 

40 [0117] Also, the mute circuit may be provided to 
mute the last short section of audio data generated 
immediately before a pause operation. Furthermore, the 
mute circuit may mute both of (1) the first short section 
of audio data generated immediately after a pause 

45 release designation and (2) the last short section of 
audio data generated immediately before a pause oper- 
ation. 

[0118] Although the present invention has been 
fully described by way of examples with reference to the 

so accompanying drawings, it is to be noted that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
present invention, they should be construed as being 

55 included therein. 



[0113] The above embodiment takes a stationary 
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Claims 

1. An optica! disc recording apparatus comprising: 

a receiving unit operable to receive designa- s 
tions from a user, the designations including a 
recording start designation, a recording end 
designation, a pause designation, and a pause 
release designation; 

an encoding unit operable to generate one io 5. 
video object by compressing audio and video 
data for a period starting when the receiving 
unit receives the recording start designation or 
the pause release designation and ending 
when the receiving unit receives the pause 75 
designation or the recording end designation, 
wherein if the receiving unit receives the pause 
release designation, a video object is gener- 
ated so that the video object is capable of being 
seamlessly reproduced with an immediately 20 
preceding video object in a reproduction appa- 
ratus; 

a generation unit operable to generate a seam- 
less flag each time a video object is generated, 
the seamless flag showing whether the video 25 6. 
object corresponding to the seamless flag is 
capable of being seamlessly reproduced with 
an immediately preceding video object in the 
reproduction apparatus; and 

a recording unit operable to record, onto an 30 
optical disc, each video object generated by 
the encoding unit and each seamless flag gen- 
erated by the generation unit. 

2. The optical disc recording apparatus of Claim 1 , 35 

wherein the video object capable of being 7. 
seamlessly reproduced causes no overflow and 
underflow in a video buffer of the reproduction 
apparatus, and compressed video data included in 
the video object is inputted into the video buffer in 40 
the reproduction apparatus just after the immedi- 
ately preceding video object, the video buffer being 
used to temporarily hold compressed video data. 

3. The optical disc recording apparatus of Claim 2, 45 8. 

wherein if a seamless flag shows that a 
video object corresponding to the seamless flag is 
capable of being seamlessly reproduced with an 
immediately preceding video object, a decoder of 
the reproduction apparatus starts reproduction of so 
the video object without resetting an internal state 
of the decoder after reproduction of the immediately 
preceding video object is completed. 9, 

4. The optical disc recording apparatus of Claim 1, 55 

wherein if the receiving unit receives the 
pause designation, the encoding unit completes a 
generation of a current video object and preserves 



an internal state of the encoding unit at a point 
when the generation of the current video object is 
completed, and 

if the receiving unit receives the pause release 
designation, the encoding unit starts a genera- 
tion of a new video object using the preserved 
internal state as an initial state. 

The optical disc recording apparatus of Claim 4, 

wherein if the encoding unit completes the 
generation of the current video object because of 
the pause designation, the generation unit gener- 
ates a seamless flag showing that the current video 
object is capable of being seamlessly reproduced, 
and 

if the encoding unit completes the generation of 
the current video object, because of the record- 
ing end designation, the generation unit gener- 
ates a seamless flag not showing that the 
current video object is capable of being seam- 
lessly reproduced. 

The optical disc recording apparatus of Claim 5, 

wherein the generation unit obtains, from the 
encoding unit, a last system clock reference value 
of the current video object and a first system clock 
reference value of the new video object, and 

the recording unit records the seamless flag, 
the last system clock reference value, and the 
first system clock reference value onto the opti- 
cal disc as video object information. 

The optical disc recording apparatus of Claim 4, 

wherein the internal state preserved in the 
encoding unit includes (a) compressed audio data 
that is not yet multiplexed into a video object and 
remains in an audio buffer at the point and (b) a vir- 
tual buffer size obtained by simulating a size of data 
that would be held in a compressed video data 
buffer of the reproduction apparatus at the point 

The optical disc recording apparatus of Claim 6, 

wherein the encoding unit replaces one of a 
last section of audio data immediately before the 
pause designation and a start section of audio data 
immediately after the pause release designation 
with silent data, each of the last section and the 
start section being shorter than one audio frame. 

The optical disc recording apparatus of Claim 4, 
wherein the encoding unit includes: 

a first encoder operable to sequentially com- 
press video data; 

a first buffer operable to temporarily hold the 
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compressed video data; 

a second encoder operable to sequentially 
compress audio data; 

a second buffer operable to temporarily hold 
the compressed audio data; 5 
a multiplexing unit operable to generate one 
video object by multiplexing the compressed 
video data from the first buffer and the com- 
pressed audio data from the second buffer into 
packs of a fixed length, wherein a piece of time to 
information is given to each pack during multi- 
plexing, the piece of time information showing a 
time at which the reproduction apparatus 
should separate compressed video data or 
compressed audio data in the pack from the is 
video object; 

a first virtual buffer unit operable to simulate a 
size of data in a video buffer of the reproduction 
apparatus according to the piece of time infor- 
mation given to each pack, wherein the video 20 
buffer is used to temporarily hold the separated 
compressed video data; 

a second virtual buffer unit operable to simulate 
a size of data in an audio buffer of the repro- 
duction apparatus according to the piece of 25 
time information given to each pack, wherein 
the audio buffer is used to temporarily hold the 
separated compressed audio data; and 
an encoding control unit operable to (a) have 
the first encoder and the second encoder sus- 30 
pend operations, and preserve current states 
of the first and second buffers and the first and 
second virtual buffer units rf the receiving unit 
receives the pause designation and (b) have 
the first encoder and the second encoder 35 
resume the operations using the preserved 
states as initial states to generate a video 
object, whose seamless reproduction is possi- 
ble in the reproduction apparatus, if the receiv- 
ing unit receives the pause release 40 
designation. 

10. The optical disc recording apparatus of Claim 9, 

wherein the second encoding unit replaces 
one of a last section of audio data immediately 45 
before the pause designation and a start section of 
audio data immediately after the pause release 
designation with silent data, each of the last section 
and the start section being shorter than one audio 
frame. so 

11. The optical disc recording apparatus of Claim 10, 

wherein the second encoding unit includes a 
mute circuit operable to replace inputted audio data 
with silent data, 55 

wherein the second encoding unit has the 
mute circuit operate for one of the last section and 
the start section. 



12. A reproduction apparatus for an optical disc that 
records a plurality of video objects and a plurality of 
pieces of video object information, each video 
object including compressed video data and com- 
pressed audio data, and each piece of video object 
information corresponding to one video object and 
including a seamless flag that shows whether the 
corresponding video object is capable of being 
seamlessly reproduced with an immediately pre- 
ceding video object, 

the reproduction apparatus comprising: 

a reading unit operable to read, from the optical 

disc, a piece of video object information and a 

video object corresponding to the piece of 

video object information; 

a decoding unit operable to generate audio and 

video data by decoding the video object read 

by the reading unit; and 

a control unit operable to control seamless 

reproduction by the decoding unit according to 

a seamless flag included in the piece of video 

object information read by the reading unit. 

13. The reproduction apparatus of Claim 12, 

wherein the decoding unit includes: 

a separating unit operable to separate the 
video object read by the reading unit into com- 
pressed video data and compressed audio 
data; 

a video buffer operable to temporarily hold the 
compressed video data; 
an audio buffer operable to temporarily hold the 
compressed audio data; 
a first decoder operable to decode the com- 
pressed video data in the video buffer; and 
a second decoder operable to decode the com- 
pressed audio data in the audio buffer, 
wherein if a seamless flag corresponding to a 
next video object, which should be reproduced 
next to a current video object, shows that 
seamless reproduction of the next video object 
is possible, the control unit controls the decod- 
ing unit so that the next video object read by the 
reading unit is supplied to the first and second 
decoding units without initializing the video 
buffer and the audio buffer at a point when the 
current video object is switched to the next 
video object. 

14. The reproduction apparatus of Claim 13, 

wherein each piece of video object informa- 
tion includes, in addition to a seamless flag, a first 
system clock reference value of a video object cor- 
responding to the seamless flag and a last system 
clock reference value of a video object immediately 
preceding the corresponding video object, and 
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if the seamless flag corresponding to the next 
video object shows that seamless reproduction 
of the next video object is possible, the control 
unit controls the first decoding unit and the sec- 
ond decoding unit to change an internal system 
time clock according to a first system clock ref- 
erence value and a last system clock reference 
value included in a piece of video object infor- 
mation corresponding to the next video object. 

15. An optical disc recording method comprising: 

a receiving step for receiving designations from 
a user, the designations including a recording 
start designation, a recording end designation, 
a pause designation, and a pause release des- 
ignation; 

an encoding step for generating one video 
object by compressing audio and video data for 
a period starting when the recording start des- 
ignation or the pause release designation is 
received and ending when the pause designa- 
tion or the recording end designation is 
received, wherein if the pause release designa- 
tion is received, a video object is generated so 
that the video object is capable of being seam- 
lessly reproduced with an immediately preced- 
ing video object in a reproduction apparatus; 
a first recording step for recording each video 
object generated in the encoding step onto an 
optical disc; 

a generation step for generating a seamless 
flag each time a video object is generated, the 
seamless flag showing whether the video 
object corresponding to the seamless flag is 
capable of being seamlessly reproduced with 
an immediately preceding video object in the 
reproduction apparatus; and 
a second recording step for recording each 
seamless flag generated in the generation step 
onto an optical disc. 

16. The optical disc recording method of Claim 15, 

wherein the video object capable of being 
seamlessly reproduced causes no overflow and 
underflow in a video buffer of the reproduction 
apparatus, and compressed video data included in 
the video object is inputted into the video buffer in 
the reproduction apparatus just after the immedi- 
ately preceding video object, the video buffer being 
used to temporarily hold compressed video data. 
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the video object without resetting an interna! state 
of the decoder after reproduction of the immediately 
preceding video object is completed. 

18. The optical disc recording method of Claim 15, 

wherein if the pause designation is received 
in the receiving step, the encoding step completes 
a generation of a current video object and pre- 
serves an internal state of an encoder at a point 
when the generation of the current video object is 
completed, and 

if the pause release designation is received in 
the receiving step, the encoding step starts a 
generation of a new video object using the pre- 
served internal state as an initial state. 

19. The optical disc recording method of Claim 18, 

wherein If the encoding step completes the 
generation of the current video object because of 
the pause designation, the generation step gener- 
ates a seamless flag showing that the current video 
object is capable of being seamlessly reproduced, 
and 

if the encoding step completes the generation 
of the current video object because of the 
recording end designation, the generation step 
generates a seamless flag not showing that the 
current video object is capable of being seam- 
lessly reproduced. 

20. The optical disc recording method of Claim 1 9, 

wherein the generation step obtains, from 
the encoder, a last system clock reference value of 
the current video object and a first system clock ref- 
erence value of the new video object, and 

the second recording step records the seam- 
less flag, the last system clock reference value, 
and the first system clock reference value onto 
the optical disc as video object information. 

21. The optical disc recording method of Claim 1 8, 

wherein the internal state preserved in the 
encoding step includes (a) compressed audio data 
that is not yet multiplexed into a video object and 
remains in an audio buffer at the point and (b) a vir- 
tual buffer size obtained by simulating a size of data 
that would be held in a compressed video data 
buffer of the reproduction apparatus at the point. 



17. The optical disc recording method of Claim 16, 

wherein if a seamless flag shows that a 
video object corresponding to the seamless flag is 
capable of being seamlessly reproduced with an 
immediately preceding video object, a decoder of 
the reproduction apparatus starts reproduction of 



22. The optical disc recording method of Claim 21, 

wherein the encoding step replaces one of a 
55 last section of audio data immediately before the 
pause designation and a start section of audio data 
immediately after the pause release designation 
with silent data, each of the last section and the 
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start section being shorter than one audio frame. 

23. An optical disc recording apparatus comprising: 

a receiving means for receiving designations 5 
from a user, the designations including a 
recording start designation, a recording end 
designation, a pause designation, and a pause 
release designation; 

an encoding means for generating one video io 
object by compressing audio and video data for 
a period starting when the receiving means 
receives the recording start designation or the 
pause release designation and ending when 
the receiving means receives the pause desig- 75 
nation or the recording end designation, 
wherein if the receiving means receives the 
pause release designation, a video object is 
generated so that the video object is capable of 
being seamlessly reproduced with an immedi- 20 
atety preceding video object in a reproduction 
apparatus; 

a generation means for generating a seamless 
flag each time a video object is generated, the 
seamless flag showing whether the video 25 
object corresponding to the seamless flag is 
capable of being seamlessly reproduced with 
an immediately preceding video object in the 
reproduction apparatus; and 

a recording means for recording, onto an opti- 30 
cal disc, each video object generated by the 
encoding means and each seamless flag gen- 
erated by the generation means. 

24. A reproduction apparatus for an optical disc that 
records a plurality of video objects and a plurality of 
pieces of video object information, each video 
object including compressed video data and com- 
pressed audio data, and each piece of video object 
information corresponding to one video object and 
including a seamless flag that shows whether the 
corresponding video object is capable of being 
seamlessly reproduced with an immediately pre- 
ceding video object, 

the reproduction apparatus comprising: 
a reading means for reading, from the optical 
disc, a piece of video object information and a 
video object corresponding to the piece of 
video object information; 
a decoding means for generating audio and 
video data by decoding the video object read 
by the reading means; and 
a control means for controlling seamless repro- 
duction by the decoding means according to a 
seamless flag included in the piece of video 
object information read by the reading means. 
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Cpause processing^ 



INPUT INTO VIDEO ENCODER IS SUSPENDED 
INPUT INTO AUDIO ENCODER IS SUSPENDED 



± 



ENCODING OPERATION OF AUDIO ENCODER 
IS SUSPENDED 



STEP71 



STEP72 



STEP73 

tEO DATA REMAININi" 
IN VIDEO INPUT BUFFER HAS BEEN 

ENCODED ? 



ENCODING OPERATION OF VIDEO ENCODER | STEP74 
IS SUSPENDED 



ALL COMPRESSED 



STEP75 



DEO DATA IN VIDEO ENCODER" 
BUFFER HAS BEEN PROCESSED BY 
SYSTEM ENCODER ? 



OPERATION OF SYSTEM ENCODER IS 
SUSPENDED 



STEP76 



STATE OF EACH BUFFER IS PRESERVED I STEP77 



ENCODING INFORMATION OF VOB IS SENT I STEP78 
TO SYSTEM CONTROL UNIT 



± 




END 
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Fig. 8 



QPAUSE RELEASE PROCESSING^ 







| STATE OF EACH BUFFER IS PRESERVED | 






INPUT INTO VIDEO ENCODER IS SUSPENDED I 
INPUT INTO AUDIO ENCODER IS SUSPENDED | 






OPERATION OF VIDEO ENCODER. AUDIO I 
ENCODER. AND SYSTEM ENCODER IS I 
RESUMED I 






LEVEL OF UNRELATED AUDIO FRAME IS I 
REDUCED I 






PART OF ENCODING INFORMATION (SML_ I 
FLG, SMLI) IS GENERATED | 







STEP81 



STEP83 



STEP84 



STEP85 



C END ^ 
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